Introduction 36
Little is known about yeast-bacteria interactions, and smear ripened cheeses offer an 37 interesting model to investigate them. Indeed, the smear cheese microbial community is 38 composed of both yeast and bacteria, is of a known specific composition that constitutes the 39
"inoculum", and shows a reduced diversity and a high stability (12, 13, 25, 27, 34) . 40
The smear is a red-orange, often viscous, microbial mat which is characterized by a 41 succession of microbial communities including both yeast and bacteria. For example, the 42 surface microflora of bacterial smear-ripened cheeses such as Reblochon, Tilsit and 43
Limburger is composed of yeast, mainly Debaryomyces hansenii and Geotrichum candidum, 44
and Gram-positive catalase-positive organisms such as coryneform bacteria and staphylococci 45 (2, 9, 10, 35). During the first days of ripening, yeasts colonize the cheese surface and utilize 46 lactate. This utilization progressively leads to the deacidification of the cheese surface, 47 enabling the establishment of a bacterial community that is less acid-tolerant (8). These 48 communities are relatively simple compared with other microbial communities such as soil 49 communities. Indeed, they are composed of a limited number of mostly cultivable species, 50
i.e., 10-20 species (12, 27). The microbial diversity of cheese was investigated using both 51 cultivable and non-cultivable approaches such as rep-PCR, FT-IR spectroscopy, 16S rDNA 52 sequencing, cloning and sequencing of 16S rDNA, SSCP, DGGE and TGGE (12, 13, 27, 28, 53 31). 54
While the succession of yeast and bacteria has been well described, the functional 55 interactions in cheese between yeast and/or bacteria is not yet understood, and only a few 56 interactions have been observed. An early study from Purko et al. (33) on the association 57 between yeasts and Brevibacterium linens showed that B. linens did not grow on a vitamin-58 free agar medium. However, when the same medium was inoculated with yeast, it grew 59 around the yeast colonies. Some yeast and bacterial strains have been selected for use by the 60 measured using the Nessler reagent. 173
174
Microbiological analyses. Cheese was homogenized using a mortar and pestle, and ~1 g of 175 the cheeses was sampled and transferred into a sterile container. A sterile saline solution (8.5 176 g/l NaCl) was added to yield a 1:10 dilution, and the mixture was homogenized with an Ultra 177 Turrax (Labortechnik) at 8000 rpm/min for 1 min. Total bacteria except lactic acid bacteria 178
were enumerated by surface plating in duplicate on BHI agar supplemented with 50 mg/l 179 amphotericin B after five days incubation at 25C. Yeast population was determined by 180 surface plating in duplicate using Yeast-Glucose-Chloramphenicol agar (YGC) supplemented 181 with 0.01 g/l tetrazolium chloride (TTC) after three days incubation at 25C. Lactic acid 182 bacteria were enumerated by surface-plating in duplicate on MRS agar after two days 183 incubation at 30°C. 184
185
Enumeration of yeast and bacterial species. Each yeast species had a distinct morphotype on 186 YGC supplemented with TTC, which allowed their direct enumeration. For the bacteria, 250 187 colonies of each cheese sample were removed at random with sterile toothpicks and 188 transferred onto 96-well microtiter plates containing 100 l of BHI supplemented with 10% 189 (v/v) glycerol and incubated three days at 25C. The plates were stored at -80°C until use. For 190 bacterial identification, the isolates that grew in microtiter plates were replicated onto five 191 media, i.e., BHI agar containing 20 mg/l erythromycin, 1 or 5 mg/l novobiocin, 1 mg/l 192 vancomycin or 1 g/l TTC. After incubation for three days at 25°C, the isolates were checked 193 for their ability to grow in the presence of the various selective agents. The combination of the 194 five media was discriminative for each bacterium (Table 1) 
Statistical analysis 203
The data with repeated measurements (bacterial and yeast population, pH, color, lactate) were 204 compared and statistically assessed using an analysis of variance (ANOVA). When 205 differences were detected by ANOVA, a Student-Newman-Keuls test was used to determine 206 which means were different. Statistical significance was set at P < 0.05. 207
208

Lotka-Volterra modeling 209
The multispecies Lotka-Volterra model was used in this study. Taking n species, the dynamic 210 of the species i (i = 1, …, n) is the following: 211
where  i represents the intrinsic growth rate of the species I, and  ij the influence of the 213 species j on the growth rate of species i. This influence is positive or negative according to the 214 sign of  ij . In this model, the interactions are assumed constant for a given species j 215 abundance. To determine the interaction coefficients, the multispecies Lotka-Volterra system 216 can be expressed as a multi-linear regression: 217
The left part of this equation was obtained by deriving the logarithm of the species 219 concentration according to time using the cubic spline function without smoothing (Matlab®). 220
In a linear regression model, the correlations between explicative variables have a high impact 221 on parameter identification. The design of experiments makes it possible to avoid the 222 correlations, but this approach is not possible in the present study. Consequently, to avoid too 223 many correlations, the model was not used on each species but on clusters that grouped the 224 different organisms obtained from a squared correlation coefficient with a 0.75 threshold 225 value. For a given cluster, the sum of abundance of the different species was used in the linear 226 model. Inside this simplified system, an interaction coefficient  ij was considered to be 227 significant when
Results 229
Growth properties of the ecosystem microorganisms 230
The growth characteristics of the bacteria as a function of NaCl content and pH on an agar-231 based media are compared in Figure S1 (supplementary material). The bacteria could be 232 divided into three groups based on their growth abilities. The first group was comprised of H. 233 alvei and S. xylosus, which grew under all the conditions tested, except at pH 5 and 0% NaCl 234 in which S. xylosus did not grow. The second group was comprised of A. arilaitensis, which 235 grew at a pH equal or greater than 5.5, except in the presence of 0 and 30 g l -1 NaCl where it 236 grew at a pH equal or greater than 6.5 and 6, respectively. The third group was comprised of 237
Leucobacter sp., B. aurantiacum and C. casei, which only grew at a pH equal or greater than 238 6, except for B. aurantiacum, which grew in the presence of 100 and 150 g l -1 NaCl at pH 5.5. 239
In some cases, C. casei only grew at a pH equal or greater than 6. yeasts. The utilization of lactose and lactate, the deacidification rate and the color 305 development of the cheese surface were also compared for each inoculum tested. 306
Reproducibility. There was good reproducibility between triplicates in terms of lactose and 307 lactate utilization, deacidification and the growth of the microorganisms of the ecosystem as 308 well (data not shown). There was also a good reproducibility between the data of the dynamic 309 study and the omission study in which all the members of the community were inoculated 310 (data not shown). Therefore, GLV modeling may be useful as a preliminary step to orientate interaction studies. 512
The smear cheese microbial community is a beneficial biofilm because it is 513 responsible for the flavor and appearance of this type of cheese. For a better understanding of 514 the interactions that occur, it would be interesting to investigate the spatial distribution of 515 these microorganisms on the cheese surface using fluorescence in situ hybridization, for 516 example. 517 NaCl, g l -1
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